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Object 

The  object  of  the  two  testa  reported  herewith  was  to  continue  the 
studies  on  the  possibility  of  maintaining  the  most  desirable  temperatures 
for  lemons  during  shipment  by  using  modifications  of  current  refrigeration 
services.    For  earlier  tests  see  H.  T.  A  S.  Office  Reports  195  and  2lU.  The 
former  covers  a  test  during  very  hot  weather  in  August  19US  and  the  latter  a 
similar  test  during  relatively  cool  weather  in  May  IQU9.     In  the  present  tests 
it  was  hoped  to  encounter  weather  conditions  intermediate  oetween  the  two 
former  tests. 

Test  cars 

June  test.    Four  cars  of  warehouse-cooled  lemons  were  loaded  June 
21  from  the  Ontario-Cucamonga ,  the  Queen  Colony,  and  the  San  Diraas  Fruit 
Exchanges.    July  test.    Two  cars  of  warehouse-cooled  lemons  were  loaded  on 
July  19  from  the  Queen  Colony  Fruit  Exchange.    The  cars  used,  and  the  loading 
and  icing  records  of  each  are  presented  in  tables  1  and  2,  respectively. 

The  test  cars  were  all  of  the  same  series  and  of  the  same  dimensions 
and  construction  as  those  used  in  the  May  19^9  lemon  transportation  test 
(H.  T.  &  S.  Office  Report  No.  Zlk) .    However,  as  in  the  May  test,  each  of  the 
present  tests  included  one  car  having  modified  air  circulation  through  the 
bunkers . 

Each  car  of  the  June  test  carried  two  test  boxes  of  lemons  of  the 
same  maturity  and  size  and  from  the  same  pool,  olaced  at  the  center  line, 
quarter- length  position  in  tor>  and  bottom  layers.     The  July  test  carried 
no  test  boxes. 

Temperatures  Recorded 

In  the  June  test  temperature  records  within  the  cars  were  obtained 
by  means  of  electric  resistance  thermometers  at  twelve  positions  in  each 
car.     In  the  July  test,  which  wa6  not  accompanied  en  route  by  test  personnel, 
Ry»n  recording  thermometers  were  used  for  obtaining  temperatures.  Three 
thermometers  were  in  each  car,  each  in  the  middle  of  one  end  of  a 
box  of  lemons.    Two  boxes  containing  thermometers  were  placed  at  the  center 
lin«,  auarter-length  position  in  the  top  and  bottom  layers.     In  the  top 
layer  the  instrument  was  in  the  top  half  of  the  box,  and  in  the  bottom 
layer  in  the  bottom  half.     The  third  recording  thermometer  was  in  the  bot- 
tom half  of  a  box  located  at  the  center  line  at  doorway  in  the  top  layer. 

The  records  of  outside  temperatures  were  obtained  by  a  Ryan  record- 
ing thermometer  located  outside  underneath  one  car  in  each  test.  Outside 
temperatures  and  those  within  the  cars  are  presented  in  tables  3  to  8  and 
charts  1  to  6,  inclusive. 

Route  and  Running  Time 

The  June  test  was  routed  via  the  Santa  Fe,  Belt  Railroad  Company  of 
Chicago,  and  Erie  railroads.    The  July  test  was  the  same  except  the  Indiana 
Harbor  Belt  Railroad  was  used  instead  of  the  Belt  Railroad  Company  of  Chicago. 
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The  total  elapsed  time  of  the  June  test  was  183  hours  and  25  min- 
utes.   Of  this  101  hours  and  37  minutes  (55 *as  running  time  and  81 
hours  and  58  minutes  (M+.6£),  standing.    For  the  July  test,  not  being 
accompanied,  the  division  of  time  between  running  and  standing  was  undeter- 
minable, however,  the  total  elapsed  time  was  approximately  193  hours. 

Weather  Conditions 

June  Test.  Warm  summer  weather  was  encountered  ail  the  way  across 
the  continent.    The  test  passed  through  a  maximum  of  100°F.  the  first  day  out 
of  San  Bernardino  and  113*  the  next  morning  at  Needles.    The  minimum  between 
these  maxima  was  76°.    The  maxima  for  six  of  the  nine  days  from  San  Bernar- 
dino to  unloading  the  test  cars  were  90°  or  above,  and  three  of  these  were 
95  or  above.    The  three  lowest  minima  of  the  trip  were  60°.    The  average  out- 
side temperature  encountered  was  J&.k*.    See  charts  1  to  k  for  the  complete 
outside  air  temperature. 

July  test.    The  average  temperature  encountered  by  this  test  was 
82.3°,  or  about  k  degrees  warmer  than  the  June  test.    The  highest  daily 
maximum  was  106*,  but  there  were  five  other  maxima  about  90°.    The  average 
minimum  was  67*,  with  the  lowest  6l*.    Complete  record  shown  in  charts  5 
and  6. 

Condition  of  Test  Fruit  and  Commercial  Loads  at  Destination 

June  Test.    The  inspection  records  of  fruit  from  the  test  boxes  in- 
dicate no  noticeable  differences  due  to  the  refrigeration  services  used. 
Statements  applicable  to  the  test  fruit  of  all  cars  are:     Sound,  fresh, 
bright,  good  color,  green  buttons,  mostly  firm  to  considerable  (10$)  rather 
soft  (due  to  hollow  centers).    Fruit  of  the  commercial  loads  apparently 
showed  more  variation  in  firmness,  color,  and  button  condition  than  that 
from  the  test  boxes,  but  none  attributable  to  the  effect  of  the  refrigera- 
tion service. 

July  test.    There  were  no  especially  prepared  test  boxes  in  the  July 
test.    Inspection  records  of  the  commercial  loads  suggest  that  the  fruit  from 
the  two  cars  was  not  comparable.    That  from  car  F  (modified  air  circulation) 
was  more  mature  than  that  from  car  2  (control)  and  showed  a  uniform  reddish 
color  and  less  fresh  appearance.    These  and  other  characteristics,  in  the 
opinion  of  the  inspector^,'  probably  were  not  attributable  to  the  refrigera- 
tion service. 

Comparison  of  Air,  South-Poor  Fruit,  and  Average  Fruit  Temperatures  in 
Test  Cars. 

Graphs  showing  top  and  bottom  air  temperatures  at  center  line  door- 
way position  and  of  the  fruit  temperatures  adjacent  to  the  south  door  have 
been  added  to  the  average  fruit  temperature  charts  (l  to  U,  Incl.). 
(Somewhat  similar  data  are  shown  for  the  July  test  in  charts  5  and  6). 
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As  In  earlier  testa  it  was  again  indicated  that  in  fan  cars  with  fans  in 
operation  the  bottom  air  temperature  is  usually  closer  to  the  average  fruit 
temperature  than  is  the  top  air,  especially  after  a  car  has  been  standing  half 
an  hour  or  more.    The  significance  of  this  in  connection  with  the  possible  use 
of  indicating  thermometers  in  fan  cars  is  discussed  in  H.  T.  &  S.  Office  Re- 
port No.  195. 

South  door  fruit  temperatures  in  the  June  test  showed  considerably 
greater  divergence  from  the  average  center-line  fruit  tenperature  than  they 
did  in  the  May  19^9  test.    This  might  be  expected  because  the  average  outside 
temperature  of  the  May  test  was  19»6  degrees  cooler  than  in  the  June  test. 
The  higher  the  outside  temperatures  the  greater  will  be  the  spread  between" 
doorway  fruit  temperatures  and  the  average  load  temperature.    In  the  June 
test  the  average  south  door  fruit  temperatures  ea  route  were  higher  than  the 
average  fruit  temperatures  as  follows:     Car  A,  ^.5°;  car  B,  3«2C;  car  C,  2.9°;  and 
car  D,  2.6°.    The  maximum  spread  observed  was  6  degrees  and  the  minimum  1.5 
degrees . 

Comparison  of  Refrigeration  Services 

A.  It  was  noted  in  H.  T.  &  S.  Office  Report  2lk  on  the  May  19U9  lemon 
transportation  test  that  there  was  a  particular  interest  in  the  comparative 
and  overall  effectiveness  of  two  icing  services  for  lemon  shipments*,  namely, 
"half-stage,  preiced,  replenished,  one  reicing  in  transit";  and  "full  bunker, 
preiced,  replenished,  with  no  reicing."    In  the  present  report  these  two 
services  are  represented  by  cars  C  and  Dt  respectively.    Neither  service  is  - 
recommended  for  east-coast  shipments  during  mid-summer.    However,  in  the 
August  19U3  test  (H.  T.  4  S.  Office  Report  195)  the  two  test  cars  using  these 
services  arrived  in  Jersey  City  with  adequately  refrigerated  loads,  in  spite 
of  the  extremely  hot  weather  encountered  in  transit,  but  it  was  necessary  to 
reice  these  cars  in  order  to  withstand  safely  the  high  outside  temperatures 

of  the  three-day  stand  until  unloaded.    These  two  services  did  not  give  enough 
margin  of  safety  under  such  extreme  weather  conditions  to  be  recommended  for 
east  coast  shipments,  even  for  auction  sale.    These  two  services  were  tried 
again  in  the  May  test  and,  meeting  much  lower  outside  temperatures,  both 
proved  to  be  more  than  adeouate,  giving  average  load  temperatures  in  the  lower 
Uo's.     In  the  June  test  the  half-stage  with  one  reicing  in  transit  (car  C) 
and  the  fall  banker  with  no  reicing  (car  D)  gave  average  load  temperatures  of 
51.6*  and  49 • 7 * .  respectively.    However,  the  former  car  arrived  at  destination 
with  load  temperature  several  degrees  lowar  than  the  latter.    (See  tables  5 
and  6  and  charts  3  and  •+)  •    While  these  icing  services  again  gave  adequate 
refrigeration  for  lemons,  it  seems  questionable  whether  they  should  be  re- 
commended for  distant  shipments  so  late  in  the  summer  season. 

B.  Modified  air  circulation  through  bunkers.    Heretofore,  in 
accompanied  transportation  tests  with  citrus,  the  object  has  been  generally 
to  study  the  performance  of  particular  icing  services,  and  the  operator 
has  not  exercised  authority  to  change  the  icing  service  originally  billed 
except  in  extreme  cases.    If  the  object  were  to  maintain  a  desired  moderate 
temperature,  reasonable  control  could  be  rather  easily  accomplished  by  icing 
in  transit  according  to  the  known  temperature  of  the  load  and  the  amount 

of  ice  in  the  bunker.  However,  the  lemon  shipper,  in  order  to  achieve  the 
same  end  through  proper  !  election  of  icing  service,  must  have  complete  and 
accurate  information  about  weather  conditions  likely  to  be  encountered  and 
the  number  of  days  the  load  will  be  in  transit.    As  this  is  not  possible, 
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he  relies  for  safety  during  the  warm  months  upon  icing  services  that  will 
preclude  the  danger  of  running  out  of  ice  hut  will  at  the  same  time  result 
in  lower  commodity  temperatures  than  are  necessary  or  desirable  for  lemons. 

It  therefore  follows  that  some  means  should  be  found  of  reducing 
the  refrigeration  effect  of  the  ice  without  dangerously  reducing  the  amount 
of  Ice  in  the  bunkers  at  any  given  time.    Cutting  down  the  circulation  of 
air  through  the  bunkers  would  accomplish  this,  but  any  reduction  of  air 
circulation  through  the  load  would  result  in  a  less  uniform  temperature. 
The  interest  then,  in  the  car  with  the  restricted  bunker  circulation,  lies 
in  the  possibility  that  perishables  requiring  only  moderate  refrigeration 
might  be  transported  at  optimum  temperatures  without  sacrificing  air  circu- 
lation through  the  load  which  is  necessary  to  maintain  uniform  temperatures. 
Results  of  tests  with  this  car  have  been  encouraging  along  this  line. 

Another  consideration  in  the  maintenance  of  higher  but  adequate 
transit  temperatures  is  the  possible  saving  of  ice. 

Cars  A,  B,  B,  and  T  received  full-bunker  refrigeration.    Cars  B  and 
T  had  restricted  air  circulation  through  the  bunkers;  cars  A  and  S  un- 
restricted, and  served,  respectively,  as  controls  for  the  former.    It  should 
be  noted  here  that  the  equivalent  of  these  pairs  of  cars  (A  and  B,  S  and  ?) 
were  also  included  in  the  lemon  transportation  tests  of  August  1948  and 
May  I9U9 .     In  the  August  test  the  modified  circulation  car  maintained  a  very 
even  load  temperature  of  50-60*¥.  (Av.  53-1)  .  and  the  control  load  dropped 
to  ho*  (Av.  U2.70).    In  the  Hay  test  the  modified  circulation  car  maintained 
an  even  load  temperature  near  50*  53 »3°)  •  ant*  in  the  control  load  the 

tearperature  dropped  into  the  upper  thirties  (Av.  41.6).    The  average  outside 
transit  temperature  in  the  latter  test  was  about  "^0  degrees  lower  than  in  the 
August  test  (58.6°  and  88°,  respectively). 

In  the  June  test  an  attempt  was  made  to  maintain  the  average  load 
temperature  in  the  modified  circulation  car  somewhat  above  55°.  out  the  weather 
was  very  warm  and  the  load  temperatures  were  about  60°  (Av.  59-6).  It 
was  thought  that  a  reicing  at  Argentine  or  Corwith  probably  would  have 
lowered  the  temperature  to  below  55°  before  arrival  at  Jersey  City,  but  this 
was  not  done  for  experimental  reasons.    The  control  car  gave  an  average  load 
temperature  of  46, Q°. 

In  the  July  test  care  S  and  F  were  reiced  twice  in  transit.  The 
average  load  temperatures  were  58*5*  ^d  46.2  for  the  modified  and  control 
cars,  respectively.    The  two  reicings  proved  less  effective  in  lowering  load 
temperatures  than  might  have  been  anticipated  from  the  performance  of  these 
cars  in  the  June  test,  in  which  they  received  no  reicing  in  transit.  Apparently 
here  is  a  situation  in  which  the  differences  in  loading  temperatures  or  outside 
temperatures  through  which  they  passed  are  insufficiently  accountable.  It 
might  be  accounted  for  by  errors  In  the  icing  records  which  are  not  consistent 
with  those  obtained  in  previous  tests. 

The  data  obtained  in  earlier  tests  with  the  car  equipped  for  modified 
air  circulation  through  the  bunkers  show  some  ice  saving.     In  the  August  ISkB 
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test  the  modified  car  and  ite  control  received  two  reicings  in  transit, 
but  the  former  melted  28.6  percent  less  ice  than  the  latter.     In  the  May 
19h9  and  the  June  test  these  cars  were  not  reiced  in  transit.    The  weather 
was  relatively  mild  in  the  May  test,  but  the  cars  arrived  in  Jersey  City  with 
only  2,580  and  1,200  pounds  of  ice,  the  modified  car  having  melted  only  17«1 
percent  lers  than  the  control.    The  June  test  had  wanner  weather  and  the 
modified  and  control  cars  arrived  at  destination  with  800  pounds  and  no  ice, 
respectively,  a  difference  of  only  13*2  percent. 

In  the  July  test  the  weather  averaged  about  4  degrees  warmer  than 
in  the  June  test  and  ice  meltage  in  the  modified  car  was  only  12.2  percent 
less  than  in  the  control  car.    Except  for  the  August  19^8  test  there  had 
been  no  very  considerable  ice  saving  by  the  modification  of  air  circulation. 
Certainly  at  present  it  is  doubtful  that  this  ice  saving  will  prove  equiva- 
lent to  any  one  reicing  in  transit,  a  requirement  in  order  thnt  the  saving 
become  of  practical  significance  to  the  shipper. 
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Test  1949-2  (June) 


TABLE  So.  1 
LOADING  DATA  (June) 


ABC  D 

RD  14598  RD  15337  RD  lbOOO  RD  14477 


Shipper 


Corone 
Foothill 
Lemon  CO. 
Corona 


Corona 
Foothill 
Lemon  Co. 
Corona 


Upland 
Lemon  G-rs. 
Assn. 
Upland 


San  Dimas 
Lemon 
Assn. 
San  Dimas 


Icing  \J 
Service 


Full  bunker. 
Rule  239  (PI 
by  C.  Repl. 
Not  reiced  in 
transit) . 


Full  bunker. 
Rule  239  (PI 
by  C.  Repl. 
Not  reiced  in 
transit) . 


Half- stage 
Rule  239  & 
255  (PI  by  C, 
Repl.  RI  at 
Corwitb) 


Full  bunker. 
Rule  239  (PI 
by  C.  Fepl. 

DNft). 


Fans  Fans  on  Pans  on  Fans  on  Fans  on 

Normal  cirou-  Modified 
lationSy  .  circulation. 


Load  ing 
period 
6/21 


7  a.m.- 
13  :30  a. it. 


8«30  a.rr.- 
3»45  £.m. 


8  a#7:,- 
5  p.m. 


6  j  10  a.»r..- 
6:30  p.m, 


1/    Key  s    PI  by  C 

RI 

Repl 


-  Preiced  by  carrier. 

-  Reiced  in  transit. 

-  Bunkers  replenished  at  first  regular  icing  station. 


2/    Control  08 r  for  car  B. 


Test  1949-3  (July) 


TABLE  NO.  1 
LOADING  DATA  (July) 


RD  15200 


F 

15337 


Shipper 


Corona 
Foothill 
Lemon  Co. 
Corona 


Corona 
Foothill 
Lemon  Co. 
Corona 


Icing 
Service 


Full  bunker 
Rule  239  (PI  by 
C.  Repl.  two  RI« 
Corwith  and 
Marion. 


Full  bunker 
Rule  239  (PI  by 
C.  Repl.  two  RI« 
Corwith  and 
Marion 


Fans 


FaU3  on. 
Normal  circu- 
lation 


Fan3  on. 

Restricted  bunker 
circulation 
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period 
7/19 
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8:30  a.m. 


7»30  a.m.- 
11 :30  a.m. 
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